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Description 

The present invention relates to a bank note 
checking apparatus for use in a bank note pro- 
cessing system such as an autonnatic deposit 
machine which checks a plurality of bank notes 
that are fed into it and which executes proces- 
sing depending upon the validity or denominat- 
ion of the bank notes. 

In a conventional bank note checking 
apparatus used, for example, in an automatic 
deposit machine, a bank note is conveyed along 
a passage along which one or more discriminat- 
ing or validity checking sensors are arranged. 
The passage includes guides on both sides so 
that narrow gaps are defined between the 
guides and the bank note being conveyed and 
so that the bank note can not tilt or deviate 
sideways, to maintain the relative position of 
the bank note and the sensor or sensors con- 
stant so that a predetermined pattern region of 
the bank note is always read by the discriminat- 
ing or validity checking sensor or sensors. Some 
allowance, however, must be made for a small 
degree of deviation. To effect discrimination or 
validation in spite of the presence of a small 
degree of deviation, therefore, the bank note 
must be checked by using regions containing 
relatively simple patterns. Therefore, it is 
difficult to carry out checking with a high degree 
of accuracy, and errors are made depending 
upon the degree of damage of or contamination 
of the bank note. 

When guides are provided at each side of the 
passageway any attempt that is made to make 
the apparatus handle more than one denominat- 
ion of bank note increases these problems since 
the size of bank note usually varies with its 
denomination and consequently bank notes of 
small size are even more likely to suffer from 
deviation and consequently be even more 
difficult to check. In the case of small size bank 
notes it is difficult to restrict the position of the 
bank notes with respect to the sensor or sensors 
with sufficient accuracy. 

If the passage is strictly defined, furthermore, 
the bill is always conveyed through the same 
passage no matter how many times the same 
bill is fed into the apparatus. Consequently in 
view of the relatively high error rate if a 
counterfeit bill is continually fed into the 
machine it is likely to be accepted by the check- 
ing portion at some time. 

Further, if attempts are made to reduce the 
error rate by checking complicated patterns of 
the bank note all of the contents of a reference 
pattern memory forming part of the apparatus 
must be read and checked. Therefore, more 
time is required for the checking process. 

A proposal to overcome these limitations of 
conventional apparatus is described in DE — — 
2938585 which discloses a bank note checking 
apparatus for checking the validity of a bank 
note by comparing patterns read from the bank 
note with a reference pattern, comprising means 



to convey bank notes along a path through the 
apparatus, reading means for reading patterns 
from a bank note as it is conveyed, skew sens- 
ing means for determining the orientation of the 

5 bank note during conveyance, generating means 
for generating a reference pattern from a stored 
standard pattern in accordance with the orien- 
tation of the bank note, and comparison means 
for comparing the patterns read from the bank 

w note by the reading means with the generated 
reference patterns, thereby determining the 
validity of the bank note. 

According to this invention such a bank note 
checking apparatus includes length sensing 

15 means arranged on at least one side of the path 
of the bank notes through the apparatus to 
sense the position of at least one end of the 
bank note and to determine its length in a direc- 
tion transverse to the direction of conveyance of 

20 the bank notes, a number of stored standard 
patterns corresponding to bank notes of a 
number of different denominations, and means 
to select a particular standard pattern from 
amongst those stored in accordance with the 

25 determined length of the bank note, the generat- 
ing means then generating the reference pattern 
from the particular standard pattern selected, 
the skew sensing means including two sensors 
spaced apart in a direction transverse to the 

30 direction of conveyance of the bank notes and 
located nearer the centre of the path of the bank 
notes through the apparatus than the length 
sensing means, and the two sensors of the skew 
sensing means being arranged to sense a longl- 

35 tudinal edge of the bank note away from its 
corner to determine the orientation of the bank 
note. 

A particular example of a bank note checking 
apparatus in accordance with this invention and 

40 an automatic deposit machine including such an 
apparatus will now be described and contrasted 
with a prior apparatus with reference to the 
accompanying drawings, in which:— 
Figure 1 is a block circuit diagram illustrating 

45 the operating principle of the discrimination or 
validity checking operation performed by the 
apparatus; 

Figure 2 is a side elevation illustrating the 
intemal construction of an automatic deposit 
so machine; 

Rgure 3 is a side elevation of the gate 
assembly of the deposit machine; 

Figure 4 is a plan of a bank note checking 
portion of a conventional bank note checking 
55 apparatus; 

Figure 5 is a plan of a bank note checking 
portion used in the deposit machine; 

Figures 6A and 66 are a plan and a side 
elevation of a magnetic head assembly used in 
60 the deposit machine; 

Figures 7A to 7C and Figures 8A and 8B illus- 
trate the structure of a light emitting unit used 
in the position sensor of the deposit machine; 
Figures 9A and 98 Illustrate the skew sensor 
65 of the deposit machine; 
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Figures 10A and 10B illustrate the structure of a 
reflection-type photosensor used in the deposit 
machine; 

Figure 11 is a plan of the bank note checking 
portion; 

Figures 12A and 12B are format diagrams illus- 
trating information stored in model maps used in 
the deposit machine; 

Figures 13 and 14 are flow charts showing the 
operation sequence for determining the tracks of 
model maps; 

Rgure 15 shows how to combine Figures 15A 
and 15B; 

Figures 15A and 15B are a block circuit diagram 
of a checking circuit; and 

Figure 16 is a circuit diagram illustrating a zone 
divider circuit forming part of the checking circuit. 

Figure 1 illustrates a principle of the discrimina- 
tion operation performed by the apparatus 
according to the present invention. In Figure 1, a 
bank note 1, hereinafter referred to as a bill is 
conveyed in the direction of arrow A. Amount-of- 
tilt sensors T1 and T2, i.e., skew sensors, detect 
the leading edge and the trailing edge of bill 1. Tilt 
detection circuit 2 detects the amount of tilt of bill 
1 from the time interval between the time when 
one of sensors T1 and T2 detects the leading edge 
of bill 1 and the time when the other sensor T1 or 
T2 detects the leading edge of bill 1, Trigger 
circuit 3 triggers zone address-selecting circuit 4 
and inputs thereto the amount of tilt of bill 1 from 
tilt detection circuit 2. 

Pattern sensor PI reads the patterns of hatched 
track region 5 of bill 1. Zone-dividing circuit 6 is 
triggered by trigger circuit 3 and divides a con- 
tinuous pattern signal from pattern sensor PI into 
a plurality of zone signals each corresponding to a 
pattern of one of the zones of track region 5 of bill 
1, The zone signals are converted into digital read 
data RD by an A/D converter (not shown) and 
digital read data RD Is memorized in read data 
memory 7 in the order ODR read by pattern 
sensor PI. 

Position sensor W1 comprises a plurality of 
sensor elements si, s2, sn arranged in a 
direction perpendicular to the transfer direction of 
bill 1 shown by arrow A or in one or more lines 
tilted from the transfer direction of bill 1. Position- 
sensing circuit 8 receives sensor signals from 
sensor elements si, s2 sn of position sensor 
W1 and determines the position of bill 1 in a 
direction perpendicular to the direction of convey- 
ance of bill 1. 

Model map memory 9 memorizes the standard 
pattern data of all of the zones of a plurality of 
adjacent tracks r1, r2, rm. In the example of 
Fig. 1, model map memory 9 memorizes the 
standard pattern data of five tracks r1, r2, r5, 
each track being constituted of eight zones Z1, Z2, 
Z8. 

Zone address-selecting circuit 4 generates a 
series of address data corresponding to the data 
of the zones of bill 1 traced and sensed by pattern 
sensor PI on the basis of the amount of tilt data 
from trigger circuit 3 and the position data from 



position sensing circuit 8. According to the 
address data from zone address-selecting circuit 
4, zone data is read out from model map memory 
9 and is stored in model data memory 10 as 
5 reference data for that particular bill. For example, 
if after pattern sensor P1 has traced bill 1 along a 
slightly tilted line shown by a line a— a, zone 
address-selecting circuit 4 generates zone 
addresses ZA corresponding to the zones shown 
w by the hatched squares in the zone address table 
of zone address-selecting circuit 4. In the zone 
address table of zone address-selecting circuit 4, 
numbers 10, 20, 30, 40, and 50 represent track 
addresses corresponding to track r1, r2, r5 and 
IS numbers 01, 02, 08 represent zone numbers 
corresponding to zones Z1, Z2, Z8. 

The zone data read from zone addresses ZA of 
model map memory 9 is stored in model data 
memory 10 as model data MD in the order of the 
20 zone numbers. Read data RD from read data 
memory 7 and model data MD from model data 
memory 10 are compared in comparator circuit 
11. If almost all of read data RD and model data 
MD coincide, bill 1 is regarded as a real bill and if 
25 not, bill 1 is regarded as a counterfeit one. 

Figure 2 is a side view showing the internal 
construction of an automatic deposit machine of 
the type in which bills can be collectively fed. In 
this machine, the deposition process is carried 
30 out in the following way. That is, if a customer 
collectively feeds a plurality of bills through 
feed port 21, bills B, are collectively conveyed to 
standby portion 23 by belts 22, 22'. Bills Bi are 
removed one by one from pile Bj under a standby 
35 condition by delivery rollers 24, 25 and separation 
roller 26 and are supplied by conveyor roller 27 to 
a discriminating or checking portion 28. After the 
front and back surface of each bill is checked by 
discriminating sensors 81, 82 in discriminating or 
40 checking portion 28, gate 29 operates depending 
upon the results. If the bill is a real one, it is 
guided by gate 29 to storing portion 30. if it is a 
counterfeit one, it is guided by gate 29 to return 
port 31. The black arrows indicate the path for 
45 conveying real bills, and the broken arrows indi- 
cate the path for conveying counterfeit bills. 
When the customer presses the confirmation 
button, a pusher is lowered by motor 32, and real 
bills Ba accumulated in storing portion 30 are 
50 conveyed to safe 34 from storing portion 30. 
When the customer presses the cancel button, the 
bills in storing portion 30 are conveyed collec- 
tively to return port 31 through the path indicated 
by the white arrows and are then conveyed to the 
65 customer as denoted by B4. 

Figure 3 illustrates the schematic structure of 
gate 29 used in the apparatus of Fig. 2. The gate of 
Fig. 3 comprises gate member 37 fixed to shaft 38, 
which is rotated by arm 39. Arm 39 is rotatably 
60 connected to arm 40 by pin 41 thereof inserted 
into long hole 42 of arm 40. Arm 40 is fixed to 
shaft 43 of rotary plunger 44. Shaft 43 is usually 
energized in a clockwise direction by, for 
example, a coil spring (not shown), and when 
65 rotary plunger 44 is not activated, arm 40 and. 
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thus, arm 39 and gate member 37 are located in 
the posrtions shown in Fig. 3. Therefore, a bill 
conveyed from the direction shown by arrow B 
between guide rollers 45 is conveyed toward the 
right side in the direction of arrow C and is guided 
to return port 31 of Fig. 2, When rotary plunger 44 
is activated, arm 40 revolves in a counter clock- 
wise direction as shown by arrow D, and arm 39 
and gate member 37 revolve in a clockwise 
direction as shown by arrow E. Therefore, gate 
member 37 is located in position opposite to that 
shown in Figure 3 with respect to a line connect- 
ing the center of shaft 38 and the center of shaft 
43. Therefore, a bill conveyed from the direction 
shown by arrow B between guide rollers 45 is 
conveyed toward the left side in the direction of 
arrow F and is guided to storing portion 30 of the 
apparatus of Fig. 2. 

Thus, a bill is processed in different ways 
depending upon the results of discrimination in 
the discriminating portion 28 of the apparatus of 
Fig. 2. Operation of discriminating portion 28 is 
described below. While a bill is being conveyed 
by transfer rollers 49, 49', its thickness is deter- 
mined by thickness sensor 35, consisting of, for 
example, microswitches, so as to ascertain 
whether the bills are being conveyed one by one 
or whether two or more bills are being conveyed 
together. Then the positions of both the front end 
and rear end of the bill being conveyed at a 
predetermined speed are detected by optical sen- 
sors 36, 36' (T1 or T2) in order to discriminate the 
size of the bill in the direction of movement on the 
basis of the conveyance time. When it is discrimi- 
nated that the size of the bill Is not within the 
allowable limit, the bill is determined as being 
counterfeit and is returned to return port 31. If the 
size appears to be proper, the patterns on the 
front and back surface are then discriminated by 
discriminating sensors 81, 82 so as to determine 
the kind of bill. 

The bill-discriminating portion is usually con- 
strurted as shown in Fig. 4, in which narrow gaps 
G, G' are defined between guides 47, 47' on both 
sides of the passage and edges of conveyed bill b 
so that bill b will not tilt or will not deviate 
sideways, thereby constantly maintaining the 
position of the predetermined region that is read 
by the discriminating sensors. Allowance, how- 
ever, must be made for a small degree of devia- 
tion. To effect discrimination in spite of a small 
degree of deviation, therefore, the patterns of the 
bill must be discriminated by utilizing regions of 
relatively simple patterns P. Therefore, it is 
difficult to carry out discrimination with a high 
accuracy, and discrimination is often erroneously 
rendered depending upon the degree of damage 
of or contamination of the bill. In the case of small 
size bills, furthermore, it is difficult to accurately 
restrict the position. Hatched regions 48 of bill b 
are scanned and read by discriminating sensors 
81,82. 

If the passage is strictly defined, furthermore, 
the bill always runs through the same passage no 
matter how many times it is fed. Therefore, a 



counterfeit bill can be continually fed until it is 
accepted by the discriminating portion. Further, if 
complicated patterns P of bill b are discriminated 
in order to increase the accuracy of discrimina- 
5 tion, all of the contents of the reference pattern 
memory must be read and discriminated. There- 
fore, more time is required for the discrimination 
process. 

Figure 5 illustrates an example of a discriminat- 

to ing portion used in a device for discriminating 
bills according to the present invention. In Fig. 5, 
reference numeral 49 denotes upper conveyor 
rollers of the upper side of the passage as shown 
in Rg. 2, and reference numerals 47, 47' denote 

75 paper guides that correspond to guides 47, 47' of 
Fig. 4. As in the case of Fig. 2, the bill is conveyed 
by conveyor rollers 27 to a portion between 
guides 47 and 47' and is then conveyed through 
the discriminating portion by conveyor rollers 49 

20 and a lower conveyor roller {not shown). The 
discriminating portion has two lower surface 
discriminating sensors 81 and two upper surface 
discriminating sensors 82 which magnetically 
read patterns on both the front and back surface 

25 of the bill. Further, two sensors T,, Tz are arrayed 
in the widthwise direction of the passage at 
distance D so as to detect the amount of tilt. 
Position sensors W,, Wg are arrayed along the 
passage, i.e., on the right and left sides of the 

30 discriminating portion through which the bill 
passes. Position sensors Wi, Wz determine the 
position of bill b at both the right and left sides in 
the widthwise direction of the passage and con- 
sist of a plurality of sensor elements si , s2, — that 

35 are arrayed a predetermined distance from each 
other in the widthwise direction of the passage. 
To more accurately determine the position of the 
bill the number of sensor elements si, s2, — 
should be increased. However, if it is difficult to 

40 array sensor elements si to si 6 in a single row in 
the widthwise direction of the passage, they are 
arrayed in two rows being tilted from the direc- 
tion of conveyance of the bill as shown in Figure 
5. When bill b passes over position sensors W^, 

45 W2, the positions of both edges or ends e,, 62 of 
the bill and the length of the bill are determined in 
the discriminating portion depending upon which 
sensor elements among sensor elements si, s2, 
— are shielded by ends e^ in the lengthwise 

so direction of the bill. The kind of bill can be 
determined by the length of the bill. Therefore, in 
a case where the apparatus is designed to treat 
500 yen to 10,000 yen bills (Japanese monetary 
units), the distance between outermost sensor 

55 elements si and s1 of position sensors W^ and W2 
is greater than the lateral size of the 10,000 yen 
bill, and the distance between innermost sensor 
elements si 6 and si 6 of position sensors Wi and 
W2 is selected to be less than the lateral size of the 

60 500 yen bill. Symbols Li, L2 denote optical dis- 
criminating sensors which optically read the 
patterns of the bill and determine the patterns on 
the basis of density of the colour component. In 
the diagrammed embodiment, the light-emitting 

65 elements and the light-receiving elements are 
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located above the conveyed bill and utilize the light 
reflected from the bill. However, the light-emitting 
elements and the light-receiving elements may be 
so disposed that light passes therethrough, to 
detect the pattern utilizing the transmitted light. 

Among these sensors, position sensors W,, Wa 
and sensors Tv determine the position of the 
bill, the amount of tilt of the bill, and the kind of bill, 
and discriminating sensors 81, 82 and optical 
sensors L,, L2 read the patterns of the bill. Alterna- 
tively the same sensors may be used for both 
determining the amount of tilt and reading the 
patterns on the bill. The amount of tilt (angle of tilt) 
of bills delivered one by one is detected on the 
basis of the time difference in which position of 
edge 63 of each bill is detected by sensors T,, T2 
which determine the amount of tilt. Sensors T, and 
T2 and sensors L, and La are disposed within the 
area of outermost sensor elements si of position 
sensors and Wg. 

Figure 6A and Fig. 6B illustrate the structure of a 
magnetic head assembly used as discriminating 
sensor 81 or 82. The magnetic head assembly 
comprises magnetic head 50, which slightly pro- 
trudes from an opening of guide plate 51 along 
which a bill is conveyed. Magnetic head 50 is fixed 
to first member 52, which is pivotally connected to 
a shaft 53 connected to second member 54. The 
revolution angle of first member 52 and, therefor, 
the protrusion of head 50, can be adjusted by 
screw bolt 55. Second member 54 is joined to third 
member 56 by screw bolt 57 and coil spring 58 
shown by the dotted line. The angle between 
second member 54 and third member 56 and, 
therefore, the contact between magnetic head 50 
and the bill is adjusted by screw bolt 59 and two 
screw bolts (not shown) screwed into second 
member 54. Third member 56 is attached to 
support member 60 by screw bolt 61 and coil 
spring 62 shown by the dotted line. The angle 
between third member 56 and support member 60 
and, therefore, the contact between magnetic 
head 50 and the bill is adjusted by screw bolts 63, 
64, and 65. Support member 60 is fixed to guide 
plate 51 by spot welding. 

Figure 7A through 7C and Figs. 8A and 8B 
illustrate the structure of a light-emitting unit used 
in aforementioned position sensor W, or W2. 
Figures 7A through 7C illustrate a sensor board 
assembly in which a plurality of light-emitting 
diodes (LED) 67 are attached to printed circuit 
board 68 via spcer 69. Spacer 69 is made, for 
example, of soft resin so that the position of each 
of light-emitting diodes 67 can be adjusted. Fig- 
ures 8A and 8B illustrate a complete light-emitting 
unit in which the sensor board assembly is 
attached to holder member 70 made of trans- 
parent resin by using four screw bolts 71 through 
74. Holding members 75 and 76, which are made of 
opaque resin, are inserted between holder 
member 70 and printed circuit board 68 and 
between holder member 70 and spacer 69. Hold- 
ing members 75 and 76 sandwich light-emitting 
diodes 67 so that light-emitting diodes 67 are 
disposed in a straight line. 



Position sensor Wi or Wg is composed of the 
light-emitting unit mentioned above and a light- 
receiving unit which has the same structure as the 
light-emitting unit except that light-emitting 

5 diodes 67 thereof are replaced by photosensitive 
elements such as photo diodes or photo transis- 
tors. The light-emitting unit and the light-receiving 
unit are disposed on either side of the passage of 
the bill so that the light-emitting diodes and the 

10 light-sensitive elements face each other. 

Figures 9A and 9B illustrate the structure of 
amount-of-tilt sensor T1 or T2, i.e., a skew sensor. 
The amount-of-tilt sensor of these figures com- 
prises light-emitting unit 78 and light-receiving 

15 unit 79 disposed on either side of the passage 
between upper guide plate 80 and lower guide 
plate 96. Light-emitting unit 78 comprises light- 
emitting diode 95 attached to printed circuit board 
83. Printed circuit board 83 is fixed to support 

20 member 84 via holder 85 by using screw bolt 86. 
Support member 84 is welded to lower guide plate 
96. Transparent dust cover 87 is inserted between 
holder 85 and lower guide plate 96. Light-receiving 
unit 79 comprises light-sensitive element 88, such 

25 as a photo diode, attached to printed circuit board 
89, which is fixed to support member 90 via holder 
91 by screw bolt 92. Support member 90 is welded 
to upper guide plate 80. Transparent dust cover 93 
is inserted between holder 91 and upper guide 

30 plate 80. Light-focusing lens 94 is arranged be- 
tween dust cover 93 and light-sensitive element 88 
and within holder 91. 

Figures 10A and 108 illustrate the structure of 
reflection-type photo discriminating sensor L^ or 

35 L2. The sensor of these figures comprises lamp 97 
as a light-emitting element which is attached 
aslant to holder 98 fixed to upper guide plate 99 by 
support member 100 welded to upper guide plate 
99. The sensor also comprises photo diode 101 as 

40 a light receiving element attached to printed circuit 
board 102, which is fixed to holder 98 by screw bolt 
103. Under photo diode 101, filter element 104, 
focusing lens 105, and dust cover 106, made of 
transparent material, are arranged. Light emitted 

45 from lamp 97 is radiated to a bill being conveyed 
along the passage defined by upper guide plate 99 
and lower guide plate 107 through dust cover 106. 
Light reflected from the bill is received by photo 
diode 101 through dust cover 106, focusing lens 

so 105, and filter element 104. Filter element 104 
attenuates the red component of light reflected 
from the bill in order to equalize the spectrum 
distribution of lamp 97. 
Rgure 11 illustrates the detailed structure of the 

65 bill-discriminating portion used in a bill-dis- 
criminating apparatus according to the present 
invention. The bill-discriminating portion com- 
prises upper guide plate 110 attached to a pair of 
side frames 1 1 1 and 1 1 2 corresponding to guides 

60 47 and 47' of Fig. 5. Magnetic discriminating 
sensors 82 shown in Figs. 6A and 6B, photo- 
discriminating sensors L, and Lj shown in Figs. 
10A and 108, and the light-receiving units of 
position sensors and W2 are attached to upper 
6S guide plate 110. Under the light-receiving units of 
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position sensors W, and Wg, the light-emitting 
units thereof (not shown) are arranged and are 
fixed to the lower guide plate (not shown). The 
light receiving units of amount-of-tilt sensors T1 
and T2 shown in Figs. 9A and 9B are attached. 
Under the light-receiving units of amount-of-tilt 
sensors T1 and T2, the light-emitting units thereof 
are arranged and are fixed to the lower guide 
plate. In Fig. 11, a bill is conveyed by conveyor 
rollers 113 from the direction shown by arrow A 
to the passage defined by upper guide plate 110 
and the lower guide plate, and the position, the 
amount-of-tilt, and the patterns of the bill are 
sensed by the above-mentioned various sensors. 

While bill b is being conveyed through the thus 
constructed discriminating portion, the pattern of 
bill b is read by discriminating sensors 81, 82. 
Namely, if regions 46, 46' of the bill indicated by 
the hatched zones in bill b shown in Fig. 5 pass 
under discriminating sensors 82, the data read 
from the regions is discriminated in relation to 
reference patterns which have been stored 
beforehand In the memories. With regard to the 
lower surface of bill b, furthermore, the patterns 
are read by lower discrimiating sensors 81 and 
are discriminated in relation to the reference 
patterns. 

The reference patterns are stored in the mem- 
ory in the form of model maps as shown in Figs. 
12A and 12B. The model map of Fig, 12A corre- 
sponds to reading region 46' of Fig. 5, and the 
model map of Fig. 12B corresponds to reading 
region 46 of Fig. 5. Model maps are prepared on 
the basis of data, for example, "1", "0" obtained 
in accordance with the patterns of the regions 
corresponding to reading regions 46, 46', of a real 
bill. In this case, width X of the bill in the 
horizontal direction (as shown in Figure 5) is 
divided into 15 zones in the direction of convey- 
ance as shown in Figs. 12A and 128, and the 
length of reading regions 46, 46' is divided into 
ten tracks in direction Y (lateral direction of the 
bill). Namely, a total of 150 small sections consti- 
tute pattern data that corresponds to the pattern 
of a real bill and is stored in a memory such as a 
ROM. Therefore, the data read by discriminating 
sensor 82 at the side of guide 47 is discriminated 
in relation to the model map of Figs. 128, and the 
data read by discriminating sensor 82 at the side 
of guide 47' is discriminated in relation to the 
model map of Fig. 12A. 

When bill b is conveyed along the passage, the 
data need only be discriminated over zones 1 to 
15 of a particular track. In practice, however, the 
bill often becomes tilted, as indicated by dot-dash 
line b' in Fig. 5. In such an event, the introduced 
data is compared with the data of small sections 
in the model map in the tilted direction, as 
indicated by the chain line f, in response to the 
amount of tilt (angle of tilt). The amount of tilt 
determined by sensors Tv Ta and the data related 
to the position of the bill, the data being obtained 
by sensors Wi, Wz, are used for determining the 
sections from which the reference pattern data is 
to be read. The reference patterns will also differ. 



i.e., the contents of the model map will also differ, 
depending upon the kind of bill. Therefore, the 
model maps to be used are selected depending 
upon the size of the bill that is conveyed. For this 
5 purpose, size data obtained from sensors W,, Wj 
is used. 

Figure 13 is a flow chart which illustrates the 
operation of selecting small sections of a model 
map that is to be compared with the data read 

10 from the bill. First, as explained above with 
reference to Fig. 2, the thickness is determined by 
thickness sensor 35. When it is confirmed that the 
bill has arrived at sensors T, or T2, the width of the 
bill i.e. its dimension in the direction of convey- 

js ance is determined from the time required for the 
bill to pass between sensors T^, T2 which are used 
to detect the amount of tilt When the width is 
within the allowable range, the bill is regarded as 
being a real one. Thereafter, from the amount of 

20 tilt of the bill determined by sensors Ti, Tg, the 
data for correcting the track is sent to model map 
memory 121 and to optical model map memories 
122, 122'. Model map memory 121 and optical 
model map memories 122, 122' are further fur- 

25 nished with data for correcting the track, this data 
being obtained from the data related to the 
position of the bill in the widthwise direction of 
the passage determined by position sensors W-(, 
Wj. The positions of the tracks in the model map 

30 are corrected based upon the data related to the 
position of the bill for correcting the tracks. 
Optical model map memory 122' stores the 
model map which is compared with the data read 
by reflection-type optica! sensors Li, L2. When 

35 optical sensors of the light-transmission type are 
used, the data is compared with the reference 
pattern stored in optical model map memory 122. 

Rgure 14 is a flow chart which illustrates in 
detail the operation for correcting the track posi- 

40 tion depending upon the amount of tilt. If the 
amount of tilt is determined as being too great, 
the bill Is not discriminated and is returned to the 
return port. If the amount of tilt is within the 
allowable limit, the correction coefficient is set 

45 from the amount of tilt, and the value for correct- 
ing the track in the reference pattern in the model 
map is determined. When the bill tilts as indicated 
by chain lines b' in Fig. 5, the position of chain line 
b' and the angle of tilt are determined so as to 

so select small sections in the model map of Figs. 
12A and 128 on the basis of the track-correction 
value that is set based upon the amount of tilt. 
The kind of bill is temporarily determined depend- 
ing upon the size of the bill detected by sensors 

55 Wi, W2. In this case, a 10,000 yen bill has the 
greatest length and a 500 yen bill has the smallest 
length. 

However, when the bill which has arrived at the 
discriminating portion is smaller than the value 

60 set for the 500 yen bill or is larger than the value 
set for the 10,000 yen bill, it is determined as 
having an improper size and is conveyed to the 
return port. Depending upon the result of dis- 
crimination of the bill in regard to size, the model 

65 map of the bill to be used is read out. The position 
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of the track of the model map is then set, and 
the pattern data read by discriminating sensors 
82, 82 is discriminated in relation to the thus set 
track. When they appear to be in agreement the 
kind of bill is finally determined. 

Such processing operation is realized by the 
processing circuits of Figs. 15A, 15B and 16. In 
Rg. 15A and 15B, reference numeral 123 de- 
notes a gate circuit, 124 denotes a timer, 125 
denotes a unit for converting the amount of tilt, 
and 126 denotes a circuit for switching the dis- 
criminating pattern. Gate circuit 123 receives 
discriminating signals when bill edge 63 is de- 
tected by sensors T,, T2, which determine the 
amount of tilt. Operation of timer 124 is started 
in response to a signal from either sensor T, or 
sensor T2, depending on which one receives the 
input first, and is stopped in response to signal 
from the sensor which later detects the front 
edge of the bill. The quantity of this time differ- 
ence is converted into the tilt value (angle of tilt) 
by unit 125 for converting the amount of tilt and 
is sent to a discriminating pattern switching cir- 
cuit 126. The amount of tilt is also sent to 
comparator circuit 127 and is compared with a 
value set in unit 128 which sets the allowable 
limit for the amount of tilt. When the set value 
is exceeded, the bill is determined as being 
excessively tilted and is returned to the cus- 
tomer. 

Position detecting circuits 129, 129' receive 
detection signals from sensors Wi, W2. The 
position of the bill in the widthwise direction of 
the passage is determined depending on which 
sensor among sensor elements si to si 6 in 
sensors W^, W2 detects the edge of the bill. 
Position data is introduced into length detecting 
unit 130 to determine the length. The value of 
the length is then sent to bill comparators 131a, 
131b, 131c, — to determine the kind of bill. For 
instance, if the value of the length corresponds 
to the preset size of the 10,000 yen bill, bill 
comparator 131a produces a signal which indi- 
cates that the bill is a 10,000 yen bill and the 
signal is then supplied to discriminating pattern 
switching circuit 126. When the value of the 
length does not correspond to any of the preset 
sizes, signal NG, which indicates an improper 
size, is produced from gate circuit 133 through 
gate circuit 132. Further, track detecting circuit 
134 receives data from at least one position 
detecting circuit 129' so as to determine the 
position of the conveyed bill in relation to dis- 
criminating sensors 81, 82 and Li, L2. It is then 
determined which track on the model map 
should be read out and used. The thus found 
data is then sent to discriminating pattern 
switching circuit 126. 

In effect, discriminating pattern switching cir- 
cuit 126 is supplied with data relating to the 
kind of bill, the amount of tilt, and the position 
of the track. On the basis of this data, therefore, 
a model map of the corresponding kind of bill is 
selected from the model map memories pro- 
vided for all kinds of bills. Then which track of 



the tracks 1 to 10 in Figs. 12A and 12B should 
be read out and used is specified as address 
data of the memory. Similarly, the angle of tilt 
of chain lines / in Figs. 12A and 128 is calcu- 
s lated from the tilt value, and sections, i.e., 
addresses of the sections traversed by chain line 
fare specified from the angle of chain line f and 
from the position of the above-mentioned track. 
The pattern data of addresses of small sections 
w traversed by chain line f are then sent to a true/ 
false discriminating circuit 135, which is sup- 
plied with data read by discriminating sensors 
82, 82 and by optical sensors L,, L2. The pattern 
data is compared with a reference pattern pro- 
15 duced from the model map. When the pattern 
data and the reference pattern are in agreement, 
the kind of bill temporarily determined by bill 
comparators 131a, 131b, — is confirmed. De- 
pending upon the degree of contamination of 
20 the bill, in this case, the pattern data of the 
addresses traversed by chain line f in the model 
map may not be completely in agreement. 
Therefore, if the pattern data of the addresses is 
in agreement within the allowable limit, the bill 
25 is regarded as having been discriminated. When 
the bill fails to be discriminated, signal NG indi- 
cating that the bill is not a real bill is produced 
by gate 133. In practice, in the case of a 10,000 
yen bill, which is the largest in size, the amount 
30 of tilt is small, and discrimination is effected 
within four tracks. As the size of the bill de- 
crease, the amount of tilt increases. Therefore, 
discrimination is effected within an increased 
number of tracks. For example, in the case of a 
35 5,000 yen bill, discrimination is effected within 
eight tracks, and in the case of a 500 yen bill, 
discrimination is effected within ten tracks. 

Reference numeral 136 denotes a zone divid- 
ing circuit which divides the time required for 
40 sensors T^ T2 to sense the front and rear edges 
of the bill into 15 sections in order to divide the 
data which is read into 15 sections according to 
the number of zones. That is, as shown in Fig. 
16, the signal produced by sensor T, is am- 
45 plified through amplifier 137 and is shaped by 
waveform shaping circuit 138. Then the time 
through which the wave-shaped signal is pro- 
duced is equally divided by counter 139, which 
performs the counting operation upon receipt of 
50 the signals supplied by timer 141 via gate circuit 
140, thereby obtaining a train consisting of 15 
pulses. In this case, if the conveyed bill is a 
10,000 yen bill having the greatest size, all of 
the 15 sections divided from the data are com- 
55 pared with all of the 15 zones in the model map. 
In the case of a 5,000 yen bill in which the 
reference pattern has only 14 zones, 14 pulses 
are produced due to conveyance of the bill and 
constitute a pulse train. Similarly, 13 pulses are 
60 produced in the case of a 1,000 yen bill, and 12 
pulses are produced in the case of a 500 yen 
bill. In the case of a 500 yen bill, which has the 
smallest size, the pattern is compared over 12 
zones. The thus divided pulse trains are sup- 
65 plied into true/false discriminating circuit 135, 
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whereby the data read out is compared with the 
pattern data in the model map In the direction of 
the zones. In a system in which the bill is always 
guided along a guide of only one side of the 
passage, the position sensor needs only be pro- 
vided on one side. 

Claims 

1. A bank note checking apparatus for checking 
the validity of a bank note by comparing patterns 
read from the bank note with a reference pattern, 
comprising means to convey bank notes (1 ) along 
a path through the apparatus, reading means (P,| 
for reading patterns from a bank note (1) as it is 
conveyed, skew sensing means for determining 
the orientation of the bank note during convey- 
ance, generating means {4, 10) for generating a 
reference pattern from a stored standard pattern 
(9) in accordance with the orientation of the bank 
note (1), and comparison means (11) for compar- 
ing the patterns read from the bank note (1 ) by the 
reading means (Pi) with the generated reference 
pattern, thereby determining the validity of the 
bank note (1) characterised in that the apparatus 
includes length sensing means (W„ Wg) arranged 
on at least one side of the path of the bank notes 
through the apparatus to sense the position of at 
least one end of the bank note (1) and to deter- 
mine its length in a direction transverse to the 
direction of conveyance of the bank notes, a 
number of stored standard patterns corre- 
sponding to bank notes of a number of different 
denominations, and means to select a particular 
standard pattern from amongst those stored in 
accordance with the determined length of the 
bank note, the generating means (4, 10) then 
generating the reference pattern from the particu- 
lar standard pattern selected, in that the skew 
sensing means include two sensors {T^, T2) 
spaced apart in a direction transverse to the 
direction of conveyance of the bank notes and 
located nearer the centre of the path of the bank 
notes through the apparatus than the length 
sensing means, and in that the two sensors (T„ 
T2) of the skew sensing means are arranged to 
sense a longitudinal edge of the bank note away 
from its corner to determine the orientation of the 
bank note. 

2. An apparatus according to claim 2, in which 
the length sensing means includes two position 
sensors (Wi, W2) located on opposite sides of the 
path of the bank notes (1) through the apparatus. 

3. An apparatus according to claim 1 or 2, in 
which the or each of the length sensing means 
(Wi, Wa) comprises a plurality of sensor elements 
(S, to Sie) arranged in one or more rows inclined 
to or perpendicular to the direction of conveyance 
of the bank note (1). 

4. An apparatus according to claim 3, when 
dependent upon claim 2, in which the means (P,) 
for reading patterns is located within the area of 
the outermost sensor elements of the position 
sensors. 

5. An apparatus according to any one of the 



preceding claims, in which the two sensors (T, 
and Ta) of the skew sensing means are optical 
sensors. 

6. An apparatus according to claim 5, in which 
5 the two optical sensors of the skew sensing 

means are also used as the means for reading 
patterns. 

7. An apparatus according to claim 2 or any one 
of claims 3 to 6 when dependent upon claim 2, 

10 which does not include mechanical guides to 
define the location or orientation of the bank note 
ID being conveyed. 

8. An apparatus according to any one of claims 
1 to 6, in which means are provided to locate one 

15 edge of the bank notes (1) as they are conveyed. 

9. An apparatus according to any one of the 
preceding claims, in which the means for generat- 
ing an appropriate reference pattern from a 
stored standard pattern in accordance with the 

20 length and orientation of the bank note (1) com- 
prises a model map memory (9) which sorts 
standard pattern data of a number of adjacent 
zones of the bank notes, and zone address- 
selecting means (4) which is fed with an output 

25 from the sensors (Ti, Ta, W,, Wa) and which 
supplies address data to the model map memory 
(9) to read out the reference pattern data corre- 
sponding to the length and orientation of the bank 
note (1). 

30 10. An apparatus according to claim 9, in which 
the zone address-selecting means (4) in generat- 
ing the address data also takes account of infor- 
mation from the sensors {T,, Ta, W,, Wg) concern- 
ing the location of the bank note (1) in the 

35 direction transverse to its direction of conveyance 
or the speed of conveyance of the bank note (1). 

Revendications 

40 1. Appareil de controle de billets de banque 
destine k contrdler la validity d'un billet de ban- 
que en comparant des configurations lues sur le 
billet de banque avec une configuration de refe- 
rence, comportant un dispositif de transport des 

45 billets de banque (1) le long d'un trajet dans 
i'appareil, un dispositif de lecture (P1) destine d 
tire des configurations sur un billet de banque (1) 
pendant qu'il est transport^, un dispositif de 
detection d'inclinaison destine a determiner I'o- 

50 rientation du billet de banque pendant son trans- 
port, un dispositif g^nerateur (4, 10) qui produit 
une configuration de reference a partir d'une 
configuration standard memoris^e (9) en fonction 
de I'orientation du billet de banque (1) et un 

55 dispositif de comparaison (11) destine a comparer 
les configurations lues sur le billet de banque (1) 
par le dispositif de lecture (PI) avec la con- 
figuration de reference produite, de mani§re a 
determiner ainsi la validity du billet de banque (1 ), 

60 appareil caracterisd en ce qu'il comporte un dis- 
positif de detection de longueur (WI, W2) dispose 
sur au moins un cdte du trajet des billets de 
banque dans I'appareil pour detecter la position 
d'au moins une extrdmite du billet de banque (1) 

65 et pour determiner sa longueur dans une direc- 
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tton perpendiculaire ^ la direction de transport 
des billets de banque, un certain nombre de con- 
figurations standards mdmoris^es correspondant 
^ des billets de banque d'un certain nombre de 
denominations diff^rentes, et un dispositif de 
selection d'une configuration standard particu- 
Mere parmi celles m^morisSes en fonction de ia 
longueur d^terminSe du billet de banque, le dis- 
positif generateur (4, 10) produisant alors la con- 
figuration de r^f^rence d partir de la configuration 
standard particull^re s6lectionn6, en ce que le 
dispositif de detection d'inclinaison comporte 
deux capteurs (T1, T2) espac^s dans une direction 
perpendiculaire k la direction de transport des 
billets de banque et disposes plus prds du centre 
du trajet des billets de banque dans I'appareil que 
le dispositif de detection de longueur et en ce que 
les deux capteurs (T1, T2) du dispositif de detec- 
tion d'inclinaison sont disposes de maniere h 
d^tecter un bord longitudinal du billet de banque 
oppose a son angle pour determiner I'orientation 
du billet de banque. 

2. Appareil selon la revendication 2, dans lequel 
le dispositif de detection de longueur comporte 
deux capteurs de position (W1, W2) disposes sur 
les cdtSs opposes du trajet des billets de banque 
(1) dans I'appareil. 

3. Appareil selon la revendication 1 ou 2, dans 
lequel le ou chaque dispositif de detection de 
longueur (W1, W2) comporte plusieurs elements 
capteurs (SI k S16) disposes en une ou plusieurs 
rang^es incHnees ou perpendiculaires ci la direc- 
tion du transport du billet de banque (1). 

4. Appareil selon la revendication 3, depen- 
dante de la revendication 2, dans lequel le dispo- 
sitif (PI ) destine d lire des configurations est situ§ 
dans ta zone des elements capteurs ext^rleurs des 
capteurs de position. 

5. Appareil selon i'une quelconque des revendi- 
cations pricedentes dans lequel les deux cap- 
teurs (T1, T2) du dispositif de detection d'inclinai- 
son sont des capteurs optiques. 

6. Appareil selon la revendication 5, dans lequel 
les deux capteurs optiques du dispositif de detec- 
tion d'inclinaison sont egalement utilises comme 
dispositif de lecture des configurations. 

7. Appareil selon la revendication 2 ou I'une 
quelconque des revendications 3^6 dependantes 
de la revendication 2, ne comportant pas de guide 
m6canique pour d6finir la position ou Torienta- 
tion du billet de banque (1) transporte. 

8. Appareil selon Tune quelconque des reven- 
dications 13 6, dans lequel un dispositif est prevu 
pour positionner un bord des billets de banque (1 ) 
lorsqu'ils sont transportes. 

9. Appareil selon Tune quelconque des reven- 
dications precedentes, dans lequel le dispositif 
destine k produire une configuration de refe- 
rences appropriees h partir d'une configuration 
standard memorises en fonction de la longueur et 
de i'orientation du billet de banque (1) consiste en 
une memoire de table de modules (9) qui memo- 
rise des donnees de configuration standard d'un 
certain nombre de zone voisines des billets de 
banque, et un dispositif de selection d'adresse de 



zone (4) qui re^oit une sortie des capteurs (T1, T2, 
W1, W2) et qui fournit des donnees d'adresse a la 
memoire de table de modeles (9) pour lire les 
donnees de configurations de reference corres- 

5 pondant 3 la longueur et a I'orientation du billet 
de banque (1). 

10. Appareil selon la revendication 9, dans 
lequel le dispositif de selection d'adresse de zone 
(4), en produisant les donnees d'adresse, tient 

w egalement compte des informations provenant 
des capteurs (T1, T2, W1, W2) concernant la 
position du billet de banque (1) dans la direction 
perpendiculaire h sa direction de transport ou de 
la Vitesse de transport du billet de banque (1). 

15 

PatentansprQche 

1. Banknotenprufvorrichtung, zur Oberprufung 
der Gultigkett einer Banknote durch Vergleich von 

20 Mustern, die von der Banknote gelesen werden, 
mit einem Referenzmuster, mit Einrichtungen 
zum Transport der Banknoten (1) langs einem 
Weg durch die Vorrichtung, Leseeinrichtungen 
(P,), zum Lesen von Mustern von einer Banknote 

25 (1) wahrend sie transportiert wird, einer 
SchrSglagenfuhleinrichtung zur Bestimmung der 
Orientierung der Banknote wShrend des Trans- 
ports, Generatoreinrichtungen (4, 10), zum Gene- 
rieren eines Referenzmusters aus einem gespei- 

30 cherten Standard muster (9) in Ubereinstimmung 
mit der Orientierung der Banknote (1), und 
Vergleichseinrichtungen (1 1 ) zum Vergleichen der 
Muster, die durch die Leseeinrichtungen (P,) von 
der Banknote (1) gelesen werden, mit dem gene- 

35 rierten Referenzmuster, wodurch die Gultigkeit 
der Banknote (1) bestimmt wird, dadurch gekenn- 
zeichnet, daS die Vorrichtung umfaBt: Langen- 
fuhleinrichtungen (Wi, Wj), die auf wenigstens 
einer Seite des Wegs der Banknoten durch die 

40 Vorrichtung angeordnet sind, um die Position von 
wenigstens einem Ende der Banknote (1) zu fuh- 
len und ihre Lange in einer Richtung quer zu der 
Richtung des Transports der Banknoten zu be- 
stimmen, eine Anzahl von gespeicherten Mu- 

45 Stern, die den Banknoten einer Anzahl von ver- 
schiedenen Nennwerten entsprechen, und Ein- 
richtungen, um ein bestimmtes Standardmuster 
von denen, die in Oberelnstimmung mit der 
bestimmten Lange der Banknote gespeichert 

50 sind, auszuw3hlen, und dafi die Generator- 
einrichtung (4, 10) dann das Referenzmuster aus 
dem ausgewShlten besonderen Standardmuster 
erzeugt, und daB die SchrSglagenfuhlein- 
richtungen zwei Sensoren (Ti, Ta) umfassen, die 

55 in einer Richtung quer zu der Richtung des Trans- 
ports der Banknoten mit Abstand voneinander 
und naher an dem Zentrum des Weges der 
Banknoten durch die Vorrichtung als die Langen- 
fiihleinrichtungen angeordnet sind, und daB die 

60 beiden Sensoren (T,, Ta) der Schraglagenfuhlein- 
richtungen angeordnet sind, um eine Langskante 
der Banknote von ihrer Ecke fort zu fuhlen, um die 
Orientierung der Banknote zu bestlmmen. 

2, Vorrichtung nach Anspruch 1, bei welcher die 
65 LangenfOhleinrichtungen zwei Positionssensoren 
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(W,, Wa) umfassen, die an gegenuberliegenden 
Seiten des Weges der Banknoten (1) durch die 
Vorrichtung angeordnet sind. 

3. Vorrichtung nach Anspruch 1 Oder 2, bei 
welcher die Oder jede der Lang enfOh lei n- 
richtungen (W,, Wg) eine Vielzahl von Sensor- 
elementen (S, bis Sis) umfassen, die ein einer 
Oder mehreren Relhen angeordnet sind, die zu 
der Richtung des Transports der Banknote (1) 
geneigt oder rechtwinklig sind. 

4. Vorrichtung nach Anspruch 3, in Verbin- 
dung mit Anspruch 2, bei welcher die Ein- 
richtung (P,) zum Lesen von Mustern innerhalb 
des Bereichs der auftersten Sensorelemente 
der Positionssensoren angeordnet 1st. 

5. Vorrichtung nach einem der vorher- 
gehenden Anspruche, bei welcher die beiden 
Sensoren (Ti und T2) der Schraglagenfuhlein- 
richtung optische Sensoren sind. 

6. Vorrichtung nach Anspruch 5, bei welcher 
die beiden optischen Sensoren der Schrag- 
lagenfuhleinrichtung auch als die Einrichtung 
zum Lesen von Mustern verwendet werden. 

7. Vorrichtung nach Anspruch 2 oder einem 
der Anspruche 3 bis 6, wenn diese von An- 
spruch 2 abhangen, welche keine mechani- 
schen Fuhrungen zur Begrenzung des Ortes 
Oder der Orientierung der Banknote (1), die 
transportiert wird, umfalSt 



8. Vorrichtung nach einem der Anspruche 1 
bis 6, bei welcher Einrichtungen zur Lokalisie- 
rung einer Kante der Banknote (1), wahrend 
sie weitergeleitet wird, vorgesehen sind. 

5 9. Vorrichtung nach einem der vorhergehen- 
den Anspruche, bei welcher die Einrichtung zur 
Erzeugung eines geeigneten Referenzmusters 
aus einem gespeicherten Standardmuster in 
Ubereinstimmung mit der Lange und Orientie- 

10 rung der Banknote (1) einen Modellkarten- 
speicher (9) umfaRt, welcher Standardmuster- 
daten einer Anzahl von angrenzenden Zonen 
der Banknoten sortiert, und eine Zonen-Adres- 
sen-Auswahleinrichtung (4), welcher ein Aus- 

15 gang von den Sensoren (Ti, T2, Wi, W2) zuge- 
fuhrt wird und welche Adressendaten an den 
Modellkartenspeicher (9) liefert, urn die 
Referenzmusterdaten auszulesen, die der Lange 
und Orientierung der Banknote (1) ent- 

20 sprechen. 

10. Vorrichtung nach Anspruch 9, bei 
welcher die Zon en-Ad ressen-Auswah lei n rich- 
tung (4) bei der Erzeugung der Adressendaten 
auch Information von den Sensoren {Ti, T2, 

25 Wi, W2) betreffend den Ort der Banknote (1) in 
der Richtung quer zu ihrer Weiterleitungsrich- 
tung Oder der Geschwindigkett der Weiterlei- 
tung der Banknote (1) berucksichtigt. 
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